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Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A303cartilage damage with more lesions on the articular cartilage (OARSI
score 2.63±0.43).
Conclusions: We have found that conditional deletion of FoxA2 in a
murine model of osteoarthritis prevents disease progression, while
overexpression of FoxA2 accelerates progression of the disease. Taken
together these preliminary results suggest that inhibiting FoxA factors
could represent a potential therapeutic intervention to ameliorate the
progression of OA.
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CHARACTERIZATION OF RAT OSTEOARTHRITIS MODEL:
CORRELATION BETWEEN WEIGHT BEARING, SERUM BIOMARKERS,
IMAGING AND HISTOLOGY
C.M. Bagi. Pﬁzer, Inc, Groton, CT, USA
Purpose: The objectives of this work were to assess the pathophysiol-
ogy of articular cartilage and subchondral bone in the rat medial
meniscal tear model (MMT) of osteoarthritis and to evaluate the
application of various endpoints and assessment techniques. Standard
methods, including histology and serum biomarkers were compared
and contrasted with weight bearing and microCT assessment to deter-
mine the diagnostic and prognostic value of such endpoints for in
studies designed to evaluate efﬁcacy and safety of anti-arthritis
medicines.
Methods: MMT surgery was performed on male Lewis rats were to
induce OA. Biomarkers of bone and cartilage metabolism (Osteocalcin,
P1NP, CTX I, TRAP5b, CTX-II) were evaluated in the serum. A Dynamic
Weight Bearing (DWB) system was utilized to measure functional
capacity of the musculoskeletal system and 3-point bending method
was used to assess femur strength. Micro-CT (mCT) and contrast (EPIC)
mCT were used to evaluate bone geometry and articular cartilage
morphology. Fluorescent labels (calcein and alizarin red-S) were used to
assess bone remodeling by histomorphometry in undemineralized
bone sections. Articular cartilage and bone morphology was evaluated
using histology (H&E, Toluene blue, Safranin-O, Cathepsin -K).
Results: DWB data showed distinctive difference in weight bearing
capacity between control and OA rats and provided the substrate for
bone loss evidenced by micro-CT in the tibia of an operated hind limb.
Contrast enhanced 3D mCT data clearly demonstrated degradation of
articular cartilage covering the medial tibial plateau in MMT rats, and
these data correlated extremely well with cartilage histology by tradi-
tional parafﬁn histology. Dynamic bone histomorphometry showed
increased subchondral bone formation beneath the damaged cartilage
in the tibias of MMT rats, as well as, active osteophyte formation at the
medial aspect of the tibial plateau. Serum biomarkers of bone and
cartilage metabolism correlated well with mCT and histology.
Conclusions: DWB data indicate that the joint damage is partially
dependent upon weight bearing capacity of injured limb, while mCT
data and dynamic histomorphometry clearly demonstrate that different
bone compartments within the same limb react differently to MMT
surgery; bone loss at tibial metaphysis and bone formation of the
subchondral bone at tibial epiphysis. Contrast enhanced EPIC-mCT
imaging provides a reproducible method to assess 3D distribution of
GAGs in the articular cartilage of laboratory rats. Contrast imaging data
are complementary to histological ﬁndings and can be utilized to guide
histological assessment. Serum biomarkers along with imaging have
abundant translational value when preclinical data are extrapolated to
the clinical milieu.
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MEDIAL CARTILAGE LESIONS DETECTED BY 3.0-TESLA MRI ARE THE
RISK FACTOR FOR THE PROGRESSION OF EARLY-STAGE MEDIAL
KNEE OSTEOARTHRITIS
R. Sadatsuki y, H. Kaneko y, L. Liu z, S. Hada y, M. Kinoshita y, A. Yusup y,
Y. Kobayashi y, Y. Saita y, Y. Takazawa y, K. Kaneko y,z, M. Ishijima y,z.
yDept. of Med. for Orhtopaedics and Motor Organ, Juntendo Univ.
Graduate Sch. of Med., Tokyo, Japan; z Sportology Ctr., Juntendo Univ.
Graduate Sch. of Med., Tokyo, Japan
Purpose: It is currently impossible to prevent the progression of the
knee osteoarthritis (OA). OA has been believed that cartilage is the
primary and most important source of lesions that lead to the disease.
However, in addition to cartilage, the importance of all parts of the joint,
including the bone, meniscus, ligaments, muscle, and synovium and thecrucial role of inﬂammation in these parts that were previously con-
sidered to be irrelevant in this condition are now recognized to be
important for OA. The symptoms, especially pain, are also known to be
one of the risk factor for the progression of OA. It is impossible to detect
the OA-related early changes of the cartilage using radiograph. A
magnetic resonance imaging (MRI) is currently underway to facilitate
the understanding the pathophysiology of the early stage of knee OA, as
it can detect not only bone but also other structural changes occurred in
OA. In this study, we examined the factors in patients with early-stage
knee OA among the radiographic- and MRI-detected structural changes
of the knee joint and the clinical symptoms which were associated with
the radiographic OA progression after three years of follow up.
Methods: Among the one-hundred thirty-two early stage medial knee
OA patients with K/L grade 1 or 2 who visited our hospital from January
2009 to December 2011 for medial knee pain, thirty-ﬁve patients who
were able to follow up for three years were registered. At baseline, the
knee radiographs, JKOM score, a patient-oriented outcome measure,
and 3.0-Tesla knee MRI were performed. The progression of knee OA
was evaluated by radiographs taken at three years from the baseline.
OA-related structural changes in the knee joint evaluated by MRI were
semi-quantiﬁed using the Whole-Organ Magnetic Resonance Imaging
Score (WORMS). The subjects were divided into two groups by the
presence or absence of the progression of the disease (P; progress
group, n¼22; NP; non-progression group, n¼13). When the K/L grade of
the patients were progressed one or more grades after 3 years, they
were deﬁned as P. Difference between the two groups was determined
by Mann-Whitney U test, and logistic regression analysis was per-
formed using SPSS ver.19.0.
Results: No signiﬁcant differences of the medial knee joint space width
(JSW) and femoro-tibial angle (FTA) by radiographs at baseline were
observed between NP and P (p¼0.73 and 0.31, respectively). Among the
MRI-detected joint changes induced by knee OA and evaluated by
WORMS, the medial cartilage lesion score in P (4.70) was only sig-
niﬁcantly increased in comparison to that in NP group (1.62) at baseline
(p¼0.01). At three years after follow up, the JSWs of the patients in P
were signiﬁcantly decreased in comparison to those of the patients in
NP (p¼0.007). The MRI-detected medial cartilage lesions showed the
signiﬁcant negative association with the radiographic medial knee joint
space width (JSW) after three years of follow up (r¼-0.382, p¼0.02). The
logistic regression analysis adjusted for age and BMI revealed that
among the radiographic OA-related parameters, such as JSW and FTA,
pain VAS, JKOM score and the MRI-detected eight parameters, the
medial cartilage lesion was only associated with the knee OA pro-
gression (OR; 5.02, 95%CI: 1.05 to 23.96, p¼0.043).
Conclusions: When the structural changes of knee OA were precisely
evaluated by 3TMRI andWORMS, the cartilage damage was found to be
the most important factor for the progression of the early-stage knee
OA.
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BONE MARROW LESIONS DETECTED BY DIFFERENT MAGNETIC
RESONANCE SEQUENCES AS POTENTIAL BIOMARKERS FOR KNEE
OSTEOARTHRITIS: COMPREHENSIVE TISSUE LEVEL ANALYSIS
D. Muratovic y,z, F.M. Cicuttini x, A.E. Wluka x, Y. Wang x, D.M. Findlay z,
S. Otto k, D.J. Taylor ¶, S. Collings ¶, J.M. Humphries y, Y.R. Lee y,
G. Mercer#, J.S. Kuliwaba y,z. yBone and Joint Res. Lab., SA Pathology,
Adelaide, Australia; zDiscipline of Orthopaedics and Trauma, The Univ.
of Adelaide, Adelaide, Australia; xDept. of Epidemiology & Preventive
Med., Monash Univ., Melbourne, Australia; kAnatomical Pathology, SA
Pathology, Adelaide, Australia; ¶Dept. of Radiology, Royal Adelaide Hosp.,
Adelaide, Australia; #Dept. of Orthopaedics, Repatriation Gen. Hosp.,
Adelaide, Australia
Purpose: Osteoarthritis (OA) is well recognised as a multifactorial dis-
ease of the whole joint with signiﬁcant involvement of the subchondral
bone. Epidemiological studies have demonstrated a strong association
between MRI-detected bone marrow lesions (BMLs) and the severity of
symptoms and structural degeneration in knee OA. Thus, BMLs appear
to have diagnostic and prognostic value, and potentially represent a
therapeutic target for knee OA. What BMLs represent at the cartilage-
subchondral bone tissue level is poorly described and it is not known
whether different MRI sequences detect the same tissue characteristics.
Therefore, the aim of this study was to characterise the cartilage-sub-
chondral bone morphometric features corresponding to BMLs detected
using two different MRI sequences for a cohort of knee OA individuals.
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male) patients, aged 51-86 years, undergoing total knee replacement
surgery for OA. Informed consent and institutional ethics committee
approval were obtained. To identify BMLs ex vivo in the tibial plateaus,
3T MRI scans were performed using speciﬁc T1 and PDFS-weighted
sequences. MRI images were used to create axial 3D maps for precise
location and distribution of BMLs, and for cartilage volume measure-
ment. Micro-computed tomography was used to analyze the micro-
structure of subchondral bone plate (SBP) and subchondral trabecular
bone (STB) within two volumes of interest (VOIs); 1) ovoid (40x25mm
diameter) representing whole medial compartment, 2) cylindrical
(10mm diameter) representing BML region. Degenerative changes
within the cartilage and subchondral bone were assessed microscopi-
cally by the OARSI grading system and routine histopathology. Bone
turnover indices (formation and resorption) were quantitated for SBP
and STB. Fasting-blood glucose levels (FBG) were measured on the day
of surgery.
Results: BMLs were detected in 78% of patients; the remainder, the No-
BML group, was mostly females (75%). The BML-1 group (BML detected
only by PDFS sequence) represented 48% of patients or 62% of all BMLs,
had equal numbers of males and females. The BML-2 group (BML
detected by both PDFS and T1 sequences) represented 30% of patients or
38% of all BMLs and comprised mostly males (75%). BML-1 and BML-2
were predominantly present in the medial compartment of the tibial
plateau (98%) and were equally anterior/posterior distributed. OA knees
with BML-2 had signiﬁcantly reduced cartilage volume (p¼0.007) with
increased OARSI degenerative changes (p¼0.009) compared to No-BML
knees (Fig A). Subchondral bone of both VOIs in the BML-2 group was
characterized by signiﬁcantly thicker (P<0.0001) (Fig B) and lowerporosity of SBP compared to No-BML knees, as well as STB of higher
bone volume (p¼0.003) (Fig C) and thicker (p¼0.002) and more plate-
like trabeculae (p¼0.0004). There was a striking increase in osteoid
volume (Fig D) and thickness in both SBP and STB for the BML-2 group
compared to the No-BML group (p<0.0001). Histopathological assess-
ment of bone marrow indicated the presence of abnormalities, such as
oedema, necrosis and ﬁbrosis, with signiﬁcantly more necrosis than
other pathologies in all three groups. Blood results revealed that 69% of
the BML-2 group had FBG in the diabetic range (median 7.5mmol/L),
compared to the No-BML (median 5.9mmol/L) and BML-1 (median
5.8mmol/L) groups.
Conclusions: BMLs identiﬁed ex vivo in tibial plateaus are associated
with loss and degeneration of the overlying cartilage, together with
more sclerotic bone morphology. These relationships are more sig-
niﬁcant for the BML-2 group than for the BML-1 group, suggesting that
the BML-2 type lesions represent a later stage of OA disease. Interest-
ingly, BML-2 was found preferentially in males and in individuals with
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A305high blood glucose levels, suggesting a link between blood glucose and
severe OA, as has been suggested previously. BMLs detected with spe-
ciﬁc MRI sequences may act as potential MRI biomarkers for identi-
ﬁcation of individuals at high risk of progressive OA and inform
development and monitoring of new therapies.
Figures A, B, C, D represent signiﬁcant difference between groups.
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GENE EXPRESSION ANALYSIS AND DNA METHYLATION IN THE
PROMOTER REGION OF MATRIX METALLOPROTEINASE e 13 (MMP-
13) AND OSTEOARTHRITIS
P.E. Harper, M. Liu, E. Aref-Eshghi, G. Martin, A. Furey, R. Green,
P. Rahman, G. Zhai. Mem. Univ. of Newfoundland, St John's, NL, Canada
Purpose: Osteoarthritis (OA) is a progressive, chronic condition char-
acterized by focal damage to articular cartilage, chronic inﬂammation
and alterations to the extracellular matrix, leading to pain, stiffness and
a loss of physical function. OA's initiation and progression are caused by
various environmental and genetic factors. One common factor
believed to play a signiﬁcant role in OA is environmentally-triggered
epigenetic alterations, speciﬁcally DNA methylation. Of particular
interest in the study of OA is the loss and degradation of collagen caused
by matrix metalloproteinase e 13 (MMP-13). Several studies have
examined the association between OA and methylation in MMP-13.
Furthermore, MMP-13 has been suggested as a potential therapeutic
target for OA treatment. However, these studies have reported con-
ﬂicting results. The aim of this study was to determine the gene
expression and potential corresponding methylation levels in the pro-
moter region of MMP-13 in patients diagnosed with hip OA versus
healthy controls.
Methods: A hospital-based case-control study design was utilized.
Cartilage samples were collected from patients undergoing total hip
replacement due to primary hip OA and hip fracture patients who
required a hemiarthroplasty but did not have evidence of OA. RNA and
DNA were extracted from the same cartilage samples. MMP-13
expression was examined from RNA using real-time quantitative PCR.
Using DNA, methylation levels of seven CpG sites located in the pro-
moter region of MMP-13 (up to 600 bp from the ﬁrst exon) were
assayed using Sequenom EpiTYPER. This method uses mass spectrom-
etry to separate methylated and non-methylated DNA segments into
distinct signals.
Results: A total of 38 subjects were included in the analysis, 23 patients
diagnosed with hip OA (13 females, 10 males) and 15 healthy controls
(12 females, 3 males). The mean age was 63 in OA cases and 77 in
controls. Our gene expression analysis indicated that OA patients had a
ﬁve-fold increase in MMP-13 expression compared to controls. This
difference was statistically signiﬁcant with a p-value of 0.0095, based
on student's T-test. Due to the skewed distribution of the gene
expression data, this signiﬁcance was veriﬁed using Mann-Whitney
test. Among the 7 CpG sites in the MMP-13 promoter region analyzed,
we found one site with signiﬁcantly altered methylation pattern in OA
patients versus controls. The CpG site 218 bp upstream of the ﬁrst exon
showed a trend towards lower methylation in OA patients at an average
of 44% versus controls at 57%, with a p-value of 0.009. This methylation
level was signiﬁcantly correlated with gene expression in OA cases, with
a correlation coefﬁcient of 0.55 and a corresponding p-value of 0.0068
based on Spearman's rank correlation. This correlation was not seen in
controls however. Furthermore, we found that methylation was con-
founded by age with a trend toward increasing methylation corre-
sponding with advancing age.
Conclusions: This study demonstrates a signiﬁcant difference in the
gene expression levels of MMP-13, with OA patients having a higher
level of MMP-13 expression. In addition, a hypomethylated CpG site in
the promoter region of MMP-13 was found in OA patients versus con-
trols, implicating this CpG site as one potential regulatory site for MMP-
13 gene expression. The ﬁnding was confounded by age, indicating that
methylation at this site could be a potential intermediate factor in
advancing OA. We hypothesize that increasing methylation with
advancing age in MMP-13 may serve as a protective mechanism to
prevent collagen degradation. A validation study is needed to conﬁrm
the ﬁndings.480
EVALUATION OF TIBIOFEMORAL CARTILAGE CONTACT AREA
ALTERATIONS IN ANTERIOR CRUCIATE LIGAMENT INJURED PATIENTS
E. Chen, K. Amano, V. Pedoia, R. Souza, C. Ma, X. Li. Univ. of California,
San Francisco, San Francisco, CA, USA
Purpose: Anterior cruciate ligament (ACL) injuries cause changes in
tibiofemoral joint kinematics and can lead to early onset of osteo-
arthritis (OA) despite surgical reconstruction. Changes in kinematics
may alter the contact area (CA) between the femoral and tibial cartilage
surfaces. Evaluations of the tibiofemoral CA in ACL injured individuals
can help understand the mechanism behind cartilage degeneration
seen after ACL injury and reconstruction. The purpose of this study was
to determine the changes in tibiofemoral CA and their positions at the
time of injury and after reconstruction.
Methods: Subjects: Bilateral knee MRI scans of thirty healthy adults (15
males, age¼ 28.93 ± 7.81 years, BMI¼ 23.44 ± 2.74 kg/m2) with isolated
unilateral ACL injuries were obtained within 6 months of their injury
(i.e. baseline) prior to surgery and again at 1 year after ACL recon-
struction. Fourteen healthy control subjects (10 males, age ¼ 31.78 ±
4.80 years, BMI ¼ 24.01 ± 2.26 kg/m2) with no history of knee injuries
were recruited for comparison. Exclusion criteria included prior diag-
nosis of cartilage degeneration, inﬂammatory arthritis, or surgery in
either knee.
MRI Protocol: Subjects' knees were scanned with a 3 Tesla MRI scanner
(GE Healthcare, Milwaukee, WI, USA) with an 8-channel phased array
knee coil (Invivo, Orlando, FL, USA). Sagittal T2 fast spin-echo (FSE)
images with TR/TE ¼ 4000/49.3 ms, slice thickness of 1.5 mm, ﬁeld of
view of 16 cm, 512 x 512 matrix size and echo train length 9 were
obtained at extension, loaded axially with of 25% total body weight.
Image Processing: Regions of interest were delineated in FSE images
with an in-houseMatlab program using a spline-based semi-automated
segmentation algorithm. The midpoint between the tibial medial and
lateral posterior cortical border was deﬁned as the origin of the tibial
coordinate system. Tibiofemoral cartilage CA was deﬁned as the weight
bearing regions on the tibial surface (Figure 1). Fluids indicated by
hyperintensity and menisci were excluded along with areas close to the
tibial spine. CA centroid position (CP) was deﬁned as the geometric
center of CA projected onto the axial plane. The ﬂexion angle (FA) was
deﬁned by the angle between the lines through the midshaft of femur
and tibia in the anteroposterior (AP) direction. A single observer pro-
cessed all MR images and all measurements were taken in the extended
position.
Statistical Analysis: Reliability was measured using Intraclass Correla-
tion coefﬁcient (ICC) over three trials of 10 control subjects. Differences
in mean CA and CP between groups and longitudinal changes from
baseline to 1 year were measured with a Student's t-test. Signiﬁcance
was deﬁned as P<0.05 for all analyses.
Results: Reliability: The intra-operator ICC's were 0.922 and 0.942 for
medial and lateral CA respectively, and 0.996 and 0.996 for medial and
lateral CP.
Contact Area: Medial CA was larger in injured knees compared to
control knees at both time points and the difference reached sig-
niﬁcance at one year (P¼0.036). For the medial CA, there were sig-
niﬁcant differences between contralateral and control knees at baseline
and one year (P¼0.043 and P¼0.008). There was no signiﬁcant differ-
ence between injured and contralateral knees at the two time points
(Table 1).
Centroid Position: CP along the AP direction was signiﬁcantly more
posterior for the injured knees compared to the contralateral knees at
baseline for both medial and lateral regions (P¼0.001 and p¼0.043). No
signiﬁcant difference was found between injured and control knees or
between contralateral and control knees (Table 2).
Conclusions: ACL injured subjects had increased in the medial CA for
both injured and contralateral knees compared to the controls. The
difference between contralateral and control knees suggests that there
may be inherent differences in knee kinematics of ACL injured patients.
Lack of signiﬁcant difference in CA between the two time points indi-
cates that reconstruction did not restore CA and knee kinematics.
Overall, the result of the study shows altered knee kinematics in those
with ACL injuries. Increased CA may indicate changes in knee kine-
matics that could lead to ACL tears and OA.
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